At present, the green building and housing industrialization are two mainstream directions in the real estate industry. The production of green building parts which combines green building and housing industrialization, two concepts, is to be vigorously developed. The key of quality assurance in the assembly project is choosing reliable and proper green building parts suppliers. This paper analyzes the inherent requirements of the green building, combined with the characteristics of the housing industrialization, and puts forward an evaluation index system of supplier selection for green building parts, which includes product index, enterprise index, green development index, and cooperation ability index. To reduce the influence of subjective factors, the improved method which merges Kent index method and catastrophe theory is applied to the green building parts supplier selection and evaluation. This paper takes the selection of the unit bathroom suppliers as an example, uses the improved model to calculate and analyze the data of each supplier, and finally selects the optimal supplier. With combination of the Kent index and the catastrophe theory, the result shows that it can effectively reduce the subjectivity of the evaluation and provide a basis for the selection of the green building parts suppliers.
Introduction
Since 1910, after the concept of "housing industrialization" was proposed by the famous architect Pieter Groppi, many countries have put this concept into practice, leading to a major change in the residential area [1] . The engineers in China began to accept this concept since 1994. In 1999, the Chinese State Council issued "Notice on promoting the housing industrialization and improving the quality of housing' . ' This accelerated the pace of developing the housing industrialization in China [2] . At the same time, green building is becoming the current development trend of the construction industry in the world. In 2012, the Chinese State Council issued the "Chinese Twelfth Five-Year Planning of Energy Conservation and Emission Reduction," which clearly put forward the requirements of developing green buildings [3] . So far, many real estate developers have begun to carry out the production of green building parts. However, the current standard system of green building development in China is underdeveloped; the standard system of housing industrialization is not comprehensive. This has caused many quality problems for construction parts, such as roof and toilet leakage, insulation wall cracking, the pipe wall leakage in kitchen and toilet, poor sound effects due to thin floor layer, and peculiar smell in kitchen and toilet. Therefore, the selection of green building parts suppliers is very important in the process of promoting green building and housing industrialization [4] [5] [6] [7] .
At present, the domestic and foreign research is mainly focused on green buildings or construction parts, and the study of green building parts suppliers is less. Wang and Guo (2007) used the grey correlation method for construction supplier selection [8] . This method needs to determine the optimal value of the index in advance, and the subjectivity is too strong. Yan et al. (2009) and Farzipoor Saen (2009) , respectively, used data envelopment analysis (DEA) method for supplier selection and mainly compared the input and output to select the optimal supplier. The method requires 2 Advances in Materials Science and Engineering a higher accuracy of the data, the application scope of the analysis is narrow, and the results of the analysis cannot fully reflect the strength of the suppliers [9, 10] . Yang et al. (2010) used a fuzzy multiobjective decision-making model for supplier selection. However, it is difficult to establish a fuzzy multiobjective decision-making model for specific projects; this method does not have general applicability [11] . Peng and Li (2010) used entropy weight and TOPSIS for building suppliers selection [12] ; Ruan and Chen (2011) used fuzzy VIKOR method for green construction supplier selection [13] . The calculated process of these two methods is complex, which is difficult to operate. Through previous research and combined with the proposed green building parts supplier evaluation system, this paper tries to apply the Kent index method combined with the catastrophe theory into the green building part supplier selection and evaluation. In this paper, the Kent index is used to evade the influence of subjective factors and choose measures to reduce subjective factors to the lowest. The catastrophe theory is used to understand and predict complex system behavior. Through the improvement of this method, it can be of objectivity and rationality in the selection process of green building part suppliers.
Catastrophe Theory
In 1972, French mathematician Ren Thom published the book Structural Stability and Morphogenesis, which is the earliest work that puts forward the independent and systematic exposition of the catastrophe theory. Catastrophe theory emphasizes the discontinuity or sudden conversion of the change process and studies the phenomenon and law of the nonlinear system from a stable configuration transition to another stable configuration; the aim is to predict the change behavior of the complex chaotic system. Catastrophe theory is a powerful mathematical tool to study the evolution of disordered system; it can better explain and predict the changes in nature and society and it has been widely used in the fields of ecology, engineering, social sciences, economics, and so on.
In the process of supplier selection, there are many uncertain factors, and the application of the catastrophe theory will be very good to reduce the impact of these factors on the results. At the same time, in the evaluation process of adopting catastrophe theory, the calculation of the weight is only used to sort the importance of indicators instead of being used to select the supplier directly. This will effectively reduce the subjectivity of the evaluation [14] .
Elementary Catastrophe Model.
Discontinuous leap phenomenon, whose control variable is not greater than 4 in nature and social life, usually can be described by 7 basic catastrophe models. All kinds of catastrophe models of potential function, control variables, and state variables are shown in Table 1 [15] .
Normalization of Elementary Catastrophe Model.
In the potential function equation of all control variables, the value change of any control variable will produce the state transition. The collections of all state transitions are merged into the different sets. And all the state transitions in different sets are in accordance with the following equation:
The elimination of the state variable in the upper type is to obtain the different set equation. The transformation and derivation of the different set equation can get some inherent association between control variables and state variables. The inherent association is normalized formula, which is also known as the catastrophe progression. By using normalized formula, each level of evaluation index system can be calculated, and finally the whole evaluation index system is obtained. In normal circumstances, there are fewer than 4 control variables and only 1 state variable in the catastrophe model of the index system. The main catastrophe models which researchers usually use are the cusp catastrophe, swallowtail catastrophe, and butterfly catastrophe. The normalization formula for cusp catastrophe is
The normalization formula for swallowtail catastrophe is
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Kent Index Method
In 1985, the United States Columbus Battelle Institute published the article "Guideline for Hazard Evaluation Procedures," which first proposed to use the index method to assess the risk of oil and gas pipelines. In 1992, W. Kent Muhlbauer improved the Kent index method and introduced this method in Pipeline Risk Management Manual. First of all, on the basis of oil and gas pipeline's damage conditions, the Kent index method formulates corresponding Kent index to differentiate the risk levels of engineering project. Then the Kent index method analyzes the independent factors of each pipeline and meanwhile analyzes the diffusion risk index and the medium influence coefficient of the material in the pipe, so as to obtain the assessment of various risk factors that caused damage to the oil and gas pipelines, calculation of the sum of index, and the leakage impact index. Finally, the relative risk value is obtained by the sum of index divided by the leakage impact index. The relative risk value is relative to the risk level and is used to obtain the risk grade of the specific project. The specific process of the Kent index method is shown in Figure 1 .
According to the probability theory, if we want to make a precise prediction of the event, we often need enough samples, but most of the time the samples are not enough. At the same time, too many assumptions can lead to inaccurate results. The Kent index method was applied to evaluate project risk; its advantage is that it did not avoid the important role of subjective factors in the risk assessment but took some feasible measures to reduce the impact of subjective factors, so as to effectively enhance the credibility of evaluation results. Similarly, the selection of the green building parts suppliers is also through the analysis of various indicators to launch each supplier's scores, introduce Kent index method, and improve its evaluation model, making it adapt to the choice of supplier evaluation. This method will be able to effectively reduce the influence of subjective factors, and it is easy to operate and easy to calculate [16, 17] .
The Establishment of Evaluation Index System of Green Building Parts Supplier
Different from the traditional construction materials, construction parts of housing industrialization are standardized designed and processed into small parts in the factory and then installed and spliced at the construction site, so as to improve the construction efficiency and the quality of housing. Each construction part which is relative to the specific construction project has played an indispensable role in the process of assembly. With a certain size and function, each construction part is unique. Thus it requires a complete set of standards to measure the reliability of its performance. However, the housing industrialization industry in China has just started, so that the corresponding system is not perfect. Meanwhile, the green building advocates the concepts of energy saving, land saving, water saving, material saving, and environmental protection in the whole life cycle, which require the green building to have features of health comfortability, economical losses, energy consumption, efficient use, and harmonious coexistence with nature.
On the basis of the related literature review [18] [19] [20] [21] , this paper chooses parts of the evaluation index for suppliers, combined with the characteristics of the housing industrialization and the green building, and then establishes the evaluation index system of green building parts (nonpatented products) supplier, which contains 4 items of primary indicators, 14 items of secondary indicators, and 47 items of tertiary indicators, as shown in Table 2 .
Improved Model Based on Kent Index and Catastrophe Theory

The Establishment of the Model.
According to the characteristics of the green building, the evaluation index of the supplier can be divided into 4 categories: product index, enterprise index, green development index, and cooperation ability, which, respectively, form the corresponding relationship with the indicators of Kent model. The corresponding relationship of the improved model is shown in Figure 2 .
Product index of supplier evaluation system is measured by three indicators such as quality, price, and time. The quality of products, the level of price, and the elasticity of supply time can be well judged by the actual data, and the scores of these indexes will have a direct impact on the total points of the green building parts suppliers. The information of the corrosion index and the error operation index in the pipeline risk assessment is also obtained through the analysis of the relevant data, and the quality of these two indexes will have a direct impact on the safety of the pipeline, which plays an important role in the pipeline risk assessment. Therefore, Advances in Materials Science and Engineering in this paper the product index is corresponding to the corrosion index and the error operation index of the pipeline risk assessment. Enterprise index of supplier evaluation system is mainly used to measure the overall strength of suppliers; its evaluation measurements are supplier's business level, market position, financial situation, and innovation ability. In general, if the suppliers' overall strengths are at the same level, the enterprise index of each supplier has no more difference. Thus the enterprise index belongs to auxiliary index in the evaluation process. The third party index of pipeline risk assessment takes activity level, public education, and cover thickness as a judge; its impact on the safety of pipeline from the same area is almost the same. Therefore, in this paper the enterprise index is corresponding to the third party index of the pipeline risk assessment.
Green development index of supplier evaluation system directly determines whether the construction parts are in accordance with the specific requirements of green building. This index takes the situation of environmental protection, level of energy consumption, environmental impact, and recovery utilization as measurements, and these criteria will directly affect the selection of parameters and the final design outcome during the design process of the green building parts. According to the above point of view, green development index of supplier evaluation system and the design index of the pipeline risk assessment almost have the same role in the evaluation process. Therefore, this paper takes these two indexes corresponding to each other.
Cooperation ability index of supplier evaluation system reflects the cooperation ability of enterprise with related strategic partners or working partners. The score of this index is positively correlated with the score of supplier evaluation. Meanwhile the leak impact index of the pipeline risk assessment is measured by product harm and diffusion coefficient, and the size of the leak impact index is positively correlated with the size of the pipeline risk assessment. Thus it can be seen that cooperation ability index of supplier evaluation system and the leak impact index of the pipeline risk assessment have similar meaning in the evaluation procedure. Therefore, this paper takes the cooperation ability of supplier evaluation system corresponding to the leak impact index of the pipeline risk assessment.
The Calculation of the Model.
In the process of the selection of green building parts suppliers, because of the existence of cross effect of the complex relationship between the various indicators, it is so difficult to show the effect of evaluation by the simple addition of each index where the computational methods need appropriate improvements.
(1) According to the characteristics of catastrophe theory, the index of the same attribute of each level should be sensitivity sorted before the evaluation. The more important the index should be put in the former, the less important Factor compared with factor is very important 9
Factor compared with factor is extremely important 2, 4, 6, 8 Intermediate values of the adjacent judgments 1/ represents that is more important than ; 1/ represents that is more important than the index should be placed in the post. This paper uses the characteristic vector method of analytic hierarchy process (AHP) to get the weight of the index; the sensitivity of the index is sorted by the size of weights. The specific process is as follows [22] .
(i) Construct all the judgment matrix of each layer. The proportion of each criterion from the criterion layer in the target measure is not necessarily the same. In the eyes of the decision-makers, they each have a certain proportion, respectively. Use numbers 1-9 and their reciprocal as the scale to define the judgment matrix = ( ) × ; see Table 3 .
(ii) Use the eigenvector method to calculate weight, as shown in the following formula:
where max represents the maximum eigenvalue of the judgment matrix.
(iii) Calculate the consistency index CI, as shown in the following formula:
(iv) Find the average random consistency index RI (see Table 4 ) and then calculate the consistency ratio CR, as shown in the following formula: When CR < 0.10, the consistency of judgment matrix is acceptable; otherwise the judgment matrix should be properly modified.
(2) In the evaluation of suppliers, the high score generally represents the stronger competitiveness of the supplier and more opportunities for cooperation. Therefore, in order to avoid the impact of the results of the individual coefficients, catastrophe theory is used to calculate
The following improvements can be made in the evaluation of suppliers.
Supplier total score = basic coefficient × cooperation index ; basic coefficient = product coefficient × enterprise coefficient × green coefficient , as shown in Figure 3 . Product coefficient = product index ÷ product standard value; that is = / ; similarly, enterprise coefficient = enterprise index ÷ enterprise standard value; that is, = / ; green coefficient = green development index ÷ green standard value; that is, = / . Among them, = min{ 1 , 2 , 3 , . . . , }, = min{ 1 , 2 , 3 , . . . , }, and = min{ 1 , 2 , 3 , . . . , }.
Case Analysis
Housing industrialization is mainly composed of the skeleton construction system and the infill construction system. The infill construction system can be realized through the factory production of the infill parts and on-site assembly for the industrialized production. The unit bathroom of the infill construction system adopts the industrialized production; it means that the wall, ground, and roof of the unit bathroom are produced in the factory and assembled easily, quickly at the construction site. This advanced technology has replaced the traditional way of doing the bathroom like plaster stick ceramics. This way of industrialization is the future development direction of the bathroom. Whether from the material or construction, the unit bathroom compared to the traditional bathroom renovation project has lots of obvious advantages in many aspects, such as water saving, energy saving, material saving, earth saving, and green environmental protection. The extensive application of the unit bathroom will undoubtedly promote the process of housing industrialization in China; it not only improves the quality of bathroom decoration but also reduces the energy consumption and pollution emissions, which is in line with China's long-term sustainable development goal.
A real estate developer intends to adopt the unit bathroom in their new real estate project and requires the construction parts suppliers to provide products which have the advantages of green environmental protection, comfortability, energy consumption, and efficient use. The real estate developer needs to choose the best one from the five qualified suppliers (resp., represented by A, B, C, D, and E).
A company is an integrated company that specializes in the research, development, production, and sales of highend honeycomb composites materials and high-end application products, with the leading technology and intellectual property of the honeycomb composites materials. The characteristics of the unit bathroom that A company produces are as follows: (1) The unit bathroom adopts the environmentally friendly materials. For instance, the honeycomb composites materials are composite from the ceramic tile, aluminum honeycomb, and polyurethane, which do not contain formaldehyde and other harmful substances. (2) The unit bathroom adopts industrialized production method, which can reduce the "three wastes" emissions and reduce the pollution of the environment; all materials can be degraded and recovered and will not cause any pollution to the environment. The production process is very environmentally friendly. (3) The installation of the unit bathroom adopts the dry construction installation, which can make installation in the approximate way like putting up building blocks, with no noise, avoiding a nuisance, breaking through 10-hour work time limit of decoration works in the city. This way of installation can reduce the construction waste. As a result it can avoid the high cost of garbage disposal and enhance the social responsibility of the company.
B company has more than 40 direct service agencies, which can provide customers with timely, thoughtful presales and after-sales service. The product market share of B company is higher, especially in the real estate market and chain hotel market. The characteristics of the unit bathroom that B company produces are as follows. (1) The production process of the unit bathroom is environmentally friendly. The production workshops use the design of permeability, which enhances the air flow of the workshops and provides enough natural lighting to reduce energy consumption. The plant adopts internal water circulation system. The used water will be purified and put back into the circulatory system. (2) The unit bathroom adopts high-tech materials. For instance, the sheet molding compound (SMC) material which can be used as the tableware will have no harmful gas emissions and radioactive pollution. (3) The used process of the unit bathroom is of low carbon and energy saving. SMC material has the heat insulation performance, and there is a heat preservation buffer layer between the unit bathroom and the wall, which can avoid the heat absorbed by the building.
C company is a detail-oriented enterprise, which takes the humanized design as the core and meets the needs of customers in different areas. Its products are involved in a wide range, mainly in hotels, hospitals, residential, shipbuilding, and other fields. The characteristics of the unit bathroom that C company produces are as follows. (1) The underpan, walls, and plates of the unit bathroom have high temperature and high pressure molding, and the underpan is a whole waterproof plate, which has a good antileakage effect. (2) The unit bathroom adopts the sheet molding compound (SMC) material, which is a kind of environmentally friendly hightech material, safe, strong, bright, and antiaging. (3) The unit bathroom can be installed by the way of dry construction; it can be used on the day when the installation is completed, and this will greatly shorten the construction cycle. The characteristics of the unit bathroom that D company produces are as follows. (1) The unit bathroom body adopts the environmentally friendly polymethyl methacrylate (PMMA) sheets, having good transparency, stability, weather resistance, insulation, and mechanical strength. (2) The surface of the unit bathroom underpan is made of carbon steel which is composite of high purity steel and rubber. It has the characteristics of wear resistance, fire resistance, slip resistance, and insulation. (3) The whole structure of the unit bathroom adopts modular disassembling fastener design, which has the advantage of quick installation, does not produce the construction garbage, and makes the installation of 100 sets of the unit bathroom complete within 1 to 2 weeks.
The characteristics of the unit bathroom that E company produces are as follows. (1) The unit bathroom body uses the environmentally friendly Vinyl-Coated Metal (VCM), and its surface has been attached to the coated PVC membrane, which has rich colors, good decorative effect, and high surface gloss and can meet wear resistance, corrosion resistance, oil stain resistance, easy cleaning, and so forth. (2) The unit bathroom adopts an integrated professional waterproof underpan, with excellent waterproof effect.
Basic Data Processing.
In order to obtain the accuracy and convenience in the calculation process, this paper uses the MATLAB software to calculate the weight of analytic hierarchy process. First of all, compare the importance of each project evaluation index by the leader of the project, experts, and relevant person, so as to obtain the judgment matrix. Then calculate the weight of each level to determine the sensitivity indicators sorting.
In the weight calculation process of product index, the judgment matrix of secondary indicators relative to primary indicators is shown in Table 5 , and the judgment matrix of tertiary indicators relative to secondary indicators is shown in Table 6 . In the weight calculation process of enterprise index, the judgment matrix of secondary indicators relative to primary indicators is shown in Table 7 , and the judgment matrix of tertiary indicators relative to secondary indicators is shown in Table 8 .
In the weight calculation process of green development index, the judgment matrix of secondary indicators relative to primary indicators is shown in Table 9 , and the judgment matrix of tertiary indicators relative to secondary indicators is shown in Table 10 .
Because each of the cooperation ability index ( ) and recycling and utilization ( 4 ) only contains two indicators, these two indexes' weights are given by the leader of the project, experts, and relevant person directly. We used the expert scoring method to score the underlying indicators of each supplier, so as to determine the green building parts supplier selection index system and standard data, as shown in Table 11 . 
In the same way, the calculation result of enterprise index is 
The calculation result of green development index is 
The calculation result of cooperation ability index is
The total score of supplier A is 
The final scores of the 5 suppliers can be calculated as shown in Table 12 .
Result Analysis.
According to the comparative analysis of product index, enterprise index, green development index, cooperation ability index, and total score, it can be seen that the five suppliers do not have a big difference between the various points. If the real estate developer simply considers only one indicator among them, such as cooperation ability index, then supplier C is selected as the best. It will be a wrong decision because supplier A has the highest scores in the other indexes and total performance. The potential strength of supplier A is stronger than supplier C's, so that supplier A will be the best choice. This result happens to confirm that the Kent index itself does not avoid the impact of subjective factors but takes measures to carry out a comprehensive analysis to minimize the subjective impact, while the application of catastrophe theory is also well to avoid the influence of the weight on the result.
Conclusion and Suggestion
This paper analyzes the inherent requirements of the green building, meanwhile combines with the characteristics of construction part of housing industrialization, and then puts forward the selection evaluation index system of the green building parts suppliers. In order to avoid the influence of subjective factors in the evaluation process, the method which is combined with Kent index and catastrophe theory is introduced; meanwhile some improvements are made to the method. This paper takes a practical case to verify the improved method. The result of the practical case shows that this improved method can effectively reduce the influence of subjective factors, abate the effect of a single factor on the selection result, achieve the comprehensive consideration of the selection process, and lay a certain foundation for green building supplier selection and evaluation. The improved method has absorbed the merits of the two methods and hence is of applicative value. Adopting the comprehensive application of Kent index method and catastrophe theory to evaluate and select the green building parts suppliers is in the trial stage. The weight of each evaluation index and the corresponding scores still rely on the expert scoring method to determine. Therefore, the accuracy and rationality of this method are open to discussion. It is hoped that this method can be further improved after the combination of more practical cases.
